Transcription factors of the signal transducer and activator of transcription (STAT) family are required for cellular responses to multiple signalling molecules. After ligand binding-induced activation of cognate receptors, STAT proteins are phosphorylated, hetero-or homodimerize, and enter the nucleus. STAT dimers bind to speci®c DNA elements and alter the transcriptional activity of the signal-responsive genes. We report the cloning and developmental pattern of expression of XSTAT5, a Xenopus laevis member of the STAT family, closely related to the mammalian STAT5A and STAT5B. XSTAT5 is expressed maternally and zygotically. With the onset of neurulation, XSTAT5 RNA are clearly localized in the anterior neural plate and subsequently in the neural structures of the developing eye, the pineal gland and the cement gland anlage. At late tailbud stages, a faint expression is detected in a ventral location that might correspond to the ventral blood islands. q 2001 Elsevier Science Ireland Ltd. All rights reserved.
The signal transducer and activator of transcription (STAT) proteins are cytoplasmic transcription factors activated through tyrosine phosphorylation, which typically occurs in response to polypeptides binding to cell surface receptors (Darnell, 1994) . The tyrosine phosphorylated STATs homo-or heterodimerize through their SH2 domains and accumulate in the nucleus, where occupation of speci®c DNA binding sites results in activation of transcription. Seven STAT proteins (STAT1, 2, 3, 4, 5A, 5B and 6) are identi®ed in mammals. Studies from mouse and Xenopus suggest that STAT3 signalling plays an important role in early vertebrate development. Mice de®cient for STAT3 die between 6.5 and 7.5 dpc (Takeda et al., 1997) and, in Xenopus, activation of STAT3 ventralizes the embryo, suggesting that STAT3 signalling can modify dorsoventral patterning (Nishinakamura et al., 1999) . In this paper, we describe the cloning and characterization of a Xenopus STAT5 gene, whose spatiotemporal expression pattern suggests a regulatory role in eye and pineal gland development.
Results and discussion

Molecular cloning of XSTAT5
A full-length cDNA 2600 bp long was isolated from the screen of a neurula cDNA library with a STAT5 PCR fragment (see Section 3). The predicted amino acid of this clone shares 86, 84 and 86% identity with mouse STAT5B, mouse STAT5A and chicken STAT5B, respectively (Fig. 1 ), but only 27% with Xenopus STAT3. Both human and mouse STAT5A and STAT5B are 91% identical at the amino acid level. It is therefore dif®cult to speculate that our clone is the homologue of the mammalian STAT5B rather than STAT5A. Therefore, we decided to designate this clone XSTAT5. XSTAT5 protein includes all the characteristic features expected for STAT proteins, including an SH2 domain and a tyrosine (Y696) located at the same position as the phosphorylated tyrosine in mammalian STAT5 proteins implicated in dimer formation. XSTAT5 contains a potential serine phosphorylation site PS(725)P located in the Cterminal transactivation domain. A similar PSP or PMSP motif is present at an equivalent position in STAT5A, STAT5B and STAT1, 2 and 4. These P(M)SP sites have been shown to be phosphorylated and may modulate STAT activity (Jain et al., 1998; Wen and Darnell, 1997 ).
XSTAT5 expression during early Xenopus development
RT-PCR analysis shows that the level of XSTAT5 expression is high from cleavage stages up to the end of gastrulation, decreases by the mid-neurula stage (stage 16) and increases from the late neurula stage onward (Fig. 2) . Whole-mount in situ hybridization analysis was carried out from blastula stage 8 to late tailbud stage 35. From blastula stage to completion of gastrulation, XSTAT5 RNA is uniformly distributed (not shown). XSTAT5 expression at neurula stages coincides with the prospective retina ®eld. From the onset of neurulation (stage 14), XSTAT5 expression is restricted to a crescent-shaped domain delineating the anterior border of the prospective neural plate (Fig. 3A) . At the neurula stage 16, XSTAT5 expression appears to be restricted to the most anterior border of the neural plate (Fig. Fig. 1 . Comparison of the predicted amino acid sequence of Xenopus STAT5 (XSTAT5) with mouse STAT5A (mSTAT5A) and STAT5B (mSTAT5B). Identical amino acid residues are indicated by dots. The putative phosphotyrosine and phosphoserine are highlighted in bold and the SH2 domain is underlined. Sequences corresponding to the degenerated primers are in bold italics. Hyphens represent gaps introduced into the amino acid sequence in order to obtain optimal sequence identity. GenBank accession number: AF382190. 3B). As neurulation proceeds (stage 18), expression decreases in the medial region while high levels of expression persist in the cells lateral to the midline (Fig. 3C) . At tailbud stages, XSTAT5 is expressed in the evaginating eye vesicles and the cement gland anlage (Fig. 3D,E) . Expression in the developing eyes persists at least until stage 37/38 (Fig. 3D,E) . A strong expression is detected in the outer part of the inner nuclear layer of the retina (Fig. 3F) . XSTAT5 expression during neurulation provides support for the existence of a single retina ®eld initially set up, which later resolves into two separate eye primordia (Ekker et al., Fig. 2 . XSTAT5 expression during early development. RT-PCR analysis was performed with total embryo RNA prepared at the stages indicated. XSTAT5 RNA are present maternally and detected widely throughout development at least until tadpole stages. Ornithine decarboxylase (ODC) is used as a loading control. 2RT, minus reverse transcription control sample. 
